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ON THE “"RESOLVING CAPACITY" OF
SYSTEMS MEASURING THE HORIZONTAL -
ﬁ?maﬁgzans OF IONOSPHERIL HETHROG ENEITIES

{?c};ouing 1s & transglation of an srilcle

Twritten by V. D. Guszev, B. F. Mirketen, - '
Yii. V. Berezin and M P Kivanovskil in
Vostnilk Hoskovskogo Universiteta, ﬁo. 4,
1959, peges 105~115,]

Introduection

_ In lavestigatlon of heterogenelties in the structure

of the loriosphare and the broad distribution of motlion

in it wg came upon the so-called spatially dispersed
method 1] « Observatlons at three points of any para-
meter of e radio signal reflected from the ionosphere
(emplitude, angle of entry, group or phase path) ensble
obtaining, in pertlicular knowledge of the spectrum of
horizontsl dimensione of heterogeneous formations and
ol the retes of thelr movements Iin the ionosphere[:l, é].
Toree points loeated on the surface of the earth form
the meaguring triasngle. This triasngle is e constituent
part of a nercaving system which posesesges limited
poesibilities as regards the determination of the various
dimenstions of the heterogeneities, that isg, the spect-
rum of the dimenslons measurable by means of a givan
gsystem is limited. It should be taken into account here
that i the concept of a messuring system there ls In-
cluded not only the relatlive posiltion of the observaition
points but the method of processing experimental mﬂterial,
since peculliarities of the method can exert o decisiv
influence in deternining the possibilities of a medaurw
ing system. - :




The following questions arise in the sllocation of
observations pointe: what should the distance (base)
be between obgervetion points; how is the "measuring
triangle®, consisting of three cbservation points, to
be orienteted with regard to the countries of the world;
which dimensions of the heterogenelitles can be measured
on the bases selected; what will be the sccuraey of the
determination of various dimensions  of the heterogenel-
ties st the bose selected.  These guestions have not
received due explsnation in the literature up to now,
slthough they play & very serlous role in preparing the
experiment and in evaluating the reliability of the results
of research on the heterogenecus structure of the .
ionosphere. In the present work we will ettempt to
glve answers to the above questlons.

The method of investigation has & general character,
that ie, ls comparable Tor both large snd smell scale
researct on heterogenelties of the ionosphere. Concrete
eveluations have been made in the instance of Inveatlga-
tlon of large-scale heterogeneliles of the Fs layer of
the lonosphere. , , -

APEARATUS AND METHOD OF PROCESSING
THE EXPERTMENTAL MATERTALS

The phose method of reglstering large heterogenel-
ties {4 was uged in making thé experimentsl investligo-
tionas : v

Varlationse in the phase path <P (t) of the signal
from the P, laysr were messured. The indicasted varla-
tione in the phase psih of the reflected signsl are
caused by heterogeneous formetions in the lonosphere.
The principle of ine change in variastion of the phase
path of the slgnel can he explained by the following
vlock~system. (Fig. 1}. The probing of the atmosphere
1s condueted wlth dmpulses of t,.y = 50 hertz and
durstion t = 150-200 maxwells. 4 wide-bend smplifier
aszures a pulse power of 2 kilovolis. The high-~frequency
voltage of the mester oscillstor pets simulteneously on
the modulable power amplifier and the systenm of phase
comparison. The reflected high«Ifrequency signal, sm-
plified Ly the reeelver and converted to an Antermediste
frecuency 1ls given to the phsse comparlison systenm
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Fig. l. Block-system of arrangement for recording
variations in the phase path of & reflected signal,
1) antenns; 2) master oscillator; 3) power amplifi-
er; 4) antenna switch; 5) recelver; 6) phase compari-
son system; 7) recorder, .

{phose meter). In addition, the voltege of a local
heterodyne 1g contributed fron the recelver on the phase
neter, and by meons of it the high-frequency voltage of
the master osclllator is converted intoc reverse voltage
of intermediste frecuency. The phase of the reflected
cirnel is comparsd in the phase meter wlth that reverse
voltsge. Vith chenge of the phose path of the reflected
gignel its phsse is changed relative to the phase of the
reverse voltage end these changes sre reglstered by the
recording device on film[ﬁ}.

The mesgurenents were maede in the reglon of Moscow.
Tnree observatlon pointe, eculipped with epparstus similar
to thet depleted in Figure 1 were placed eoc that they
formed o triangle with sides of 28.43 and 62 km (Fig. 2).
The observation interconnected by 2 system of two=-channel
decine:ric redio circulte. The work of the three observa-
tion peinte is synchronized in time wlth minute and hour
signels ziven on one of the two channels of the radlo clir-
cult. Tue second channel is used for offlcelal conversa-
tione. ‘

Fegular measurements of the pasremeters of the lerge
scale Leterogenelities end thelr movements were begun in
¥ay, 1956,end are being conducted st the present time
sccording to the progrem of the Internstionsl Geophysi-
¢zl Yesr. Observation ls mede ot all three points on
one freguency (fy = 2 - 7 megahertz)} selected as the
central voint in conformity with lonospheric condltlons.
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Fi?‘ 2, Disposition of the observatlon pounfq,
the “weasuring triangle',

The results of the exneriment ere rezistered by the
recorder on motion »ictur:z film. 4 saxple of the record
1s glven in Figure 3. Each "tooth" reprceents 2 change
of 21T in the phase nath of the reflecte d ﬁi&nal.

Points % are the points of the rclastive extremes of the
risse petli.
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Flg. 3. Specimen of recording of
variations in phase path,

'ds of the vaerisiion in 40 (t) at ail
Lion points arc more or less the same, bub
ecd relative to the other ﬂnd thie demon-
tion of the heterogeneitics.

The rosulte of
stetistleel processing
rccord of varistions 1
it ig zceeptzhle I'r

vwrbfo”c obc'rvzt’
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thz meesurements zre subjected to

¢ thic Gurection o f the continuous
n thie vhase path should assure tho
v stptietical hoin of view .~

g dursastion of not less than
proceseing. The operating

: ot the three observation

durins this tine interval.

four hou are gu
frfcucncv of the ;r

The sutocorrelation functions P, (r) for ezch

A

obesrvation point and trclmutu<l correletion functions

P (T) f)w each palr of'oLu\&vgtion pointes are colou-
ty .
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lated from the records of variations in phzse path of
reflected signals. _ :

‘The following velues in perticulsr are determined
from the grenhis of these functions: the temporsl
characteristic of the cbssrved rendom process T,, in
which @, (7,¢) = 0.5; the "characteristis™ time
in which g4 (@) = g () ; the value of p: (T,
which czn be further designated as P.. . v

¢l the observetion pointe (base lines),}we can
determive in particulsy the horizontel dimensionsg of
the heterogeneities: ,

i

AmdyeV,=aS2, oy

vhere V' is the "cheracteristie velocity™s v¢ /

= SI ‘Z'S'
A compleie explasnation of the method of processing the
experimentsl results is glven in the literature 16 ] .

"Resolving Cepacity" of the
deacsuring System end Accuracy
of Messurement ¢f the Horizontal
Dimenslons of the Heterogeneities

The meximum wad minimum dimensions which ean be
neacured by a system with a given accurecy end probabi-
11ty will in the future be called its "resolving capecity”.
Under reel corditions the observation interval T of 2 ran-
dom process <P (t) alweys ie limited. This foct also
imposes limitations on the posslbilities of the mea sur-
ing systen we ere Elscuesing. .

Tiue, dues to the linitedness of +the intexval T, the
experirental correlztive funetions of the process p ()
will differ from the theoretical (at an infinite interval)
that 1s, wlll contsin a statistical error: ‘

ps (T) == B cu('t}.:ta'?. . . ‘ A (2)
o ap:: ®a o (3

N
T 7>(t} obeys the normel law of distribution, then

~ A _ h
O? [ )/--R;:-i- [ .




vhere N = T/27Tq5 e is & number determining the extent of
chotece. Expresilon (4) 1o strictly comparsble in the
cese of a normal distribution of wvalues of pl(7T) , which
oceurs a2t ¥ - 50 end values of p(T) not very close o
unity. For N < 50 or plv) close to unity the Flsher con-

version allows finding the value of Tp

It has Leern eshabllished [7] that expression (4) for
‘i”

o o boe used ap e Tirvst spproximeticn for an arbitrary
Qlgtrivution of P (Lt} 8 -= at any rete, for distributions
with which one must deal in investigstions of hetero-
geneliles of the lonosphers. In inves¥igetions of lonos-
pherle heverogeneltles the correlstion functlon p (%)
ueuelly nes the form of an evenly diminlehing Tunction

(Fige 4, a =znd b). For these investigatlions it 1s sufle
ficlent to know the behevior of the functlon p{T) in the
region of the vrlues (-%,, 7)) nesr the maxiuyum p (7)),
here 1t diminishes from unity to 2 swall enoush welue.
This is the region of the mein volues of funetion p(x) .
In the region of the main values p (1) can be gpproximated

‘with a sufflelent degree of securacy by the polynom:

gince p(T) 1 nol determined peeurstely, all the verameters
ot the heierogeneliles determined by mesns of the correl-
8 1l a

5
T
tive functions will algo contain o stetistlesl error.
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The"resolving cepecits" of the me ing systenm depends
on this error, and likewlse the saccuracy of determination
of the dlmensions of the heterogeneities.

As hee elrecdy beén indicated {11, a horizental
dlnengion of a heterogeneity con be expressed by temporal
cheracteristics of the observed random process end th
dletances 5 between the obegervaiion noints:
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Pig. b, FPossible forms of the cerrelation
functions. a - the functien attains its
own zero value; bt - the function apnrOacheu

zero asymptotically.




To determine the relative srror SAIN we assume thet the
COTPGIBtLVG function can be approximated by & parabolal
py=1~aT% Then the wvalues” 7, Tand pg  will be 1inkea

with one snother by the functlonsl dependence

bs = f("o.a? )

Since, accorwinb to (l), ‘A is e function of the ratlo
os/s’

A==t (70.5/ LA )

function of the vslue gy , thatl is,
ensequently, the error cf d4/A 1is

Qo

%
3 Bey

The form of the function () will depend on the form
of the spproximating function. ’

In the coge of the assumed'épproximatiqn

1

. {2\
Bs == f('*u.s? ‘s) o ! g %, E)

45 . . (5)

P s et
2 {ps) Yz p=ry]

The relative error of aAﬁ& wil] be determired by the fol-
lowing expression. ,

U]

s
7T 2L ~e0)




As a recsult of the fect that the value of T is from the
ecualivy :

177 (0) = oy (=)

vhere ezch function it determined wlith en error on account
of the finiteness of the selection, the expression (€)
obtained is not accurate and ghould contain one more mul-
tiple 1 £ ¢ {& 2. The case ¢ = 2 corresponds 1o complete
indepencence of errors d&p; () and 8p,; (7). The case

‘¢ = 1 implies counplete dependence vetween them. In the
future 6 = 1 1s assumed. Using (2) and (%), we have

W ake) n
R I i R IR

Relationshirs (5) end (7) eneble answering the
guestion posed in the introduction to this paver.:
Relationsrip (5) indicetes thet the maximum dimen-

gion A, corresponds to the mexirmum values of p;, and the
minimum dimension A, to the minimum pg o -

L}

ct

=
Yy QO

5 O

i1lows from anelysis (7) that with a flxed ex-
cice H end en sscumed probebility p(x) the

OF pmax 8TE 1inited from sbove by the glven accuracy
£ meceurésment ¥ , but the velues of p,, -eare not
l1imitec by the accuracy. The limitatlon is imposed by

tae region of the mein values of P(T),that is :

pe

D

Ps min = P (%)
Thus the minimum dimension of the heterogeneity
which czn be messured on the selected bese is

1 48 o
Bt == Veli—p(s)l _ ®




Usually p{7)4€ 1 in this case, B, ~4$ﬁsz.ss It should
be noted thet the givcn securacy of measurement Y , in
the determination of A, at an. sssumed nrobablllinr/(&)
cen be sitained only in a definite @xtent of selection,
as follows from (7). , |
We w11l proceed to the determination of Bps,.» The
value of ggmaxum gaven ¥ and t(&)can be obtalned by

“using QT;'
. \ ——
Ps mmes == "Z;L"l . 9
where £ = ¥ N~ ; end-elncep & 1, 1t ls neces-
sary thed o '
2~ . . - o :
1<Mer - ®

It follows from (”3 thot, at

ziven Y end (x} £ m“,.¢11
correspond to P,.. . that 1s, the maximan raally rossible

_\ut@nt of cholceé. It is olesr thet the extent N = T/z7,

determined in particulsr by the durstion T of the ob-
ﬂchQtlon interwal.

It proved poselidble to 1imit T to four houre for
Dhase invchi tiong of the heterogeneous lonosphnere.
Further ircrezse of this intervel is inconvenlient due to
violatione of the reculrement of fixedness of the process
during the course of the experiment (sharp chenge in the
eriticsl Trequencies, ets.). Thus we will start with

" the fact uhet the maximum possible value of T is four

sleas bt >IN

It is likewise necessary to ectabltsb this meximum
velne of T under the conditions of other experimental .
investirstions end, proceeding from it, analyze the
regolving cepnclty of the system.

The maximum extent of ee?ection at a given observa=-
tion intervel T corresponds 1o T,c.e We will recall thet
7;5‘13 the temporal characteristic of the process and’
1e deterained by it.

- 10~
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the maximum dimension whilch can be meas urcd 01 8 pivan
bese and ot a glven Ti

Bppn = 2395 (i0)

We reczll thed in a normal distribution of initlal values
the seleotlve law of distribution of p(v) steys near nor-
mal during greab 0&anﬁ65 zf W {N 2 50), even iT the ve-

lues of p(T) are large, end 1t is all the closer 10 noyrmal
the emeller plv) ie and tmﬁ lerger I 1s. In the cese

under discussion the law of distribution of q%fﬂ *3 nore-
mal and the distribution of fe con be considsred normal
sinee ¢t Py = 0.98N it is large enough (¥ = 120). A

Ps v f(%}vrﬁ MN-+43.  Conseguently the estimete 0f the disg-
peralon used by uva, ¥ , 1ls correct. Thos the estinzts
of the nccuracy of ihe determinatlion of the dimenslons

of ionospher ic heterogeneities In esch concrets experi-
ment can be mede, when the values of A5 and 7,5 arve
known, by using,(?):

«f the sugpestlons regsrdlng the form of the dispersion

e and the anvroximating function {ﬁ} ere correct.

In the oppoalte case, by fallovaﬁ tzo supgested plean it
is possible to obbtain a formula similer to \Z) Use of
expresslon {7} itsell 1ls justified in & first approx ﬁm
tion. A prapin of formula (T) st prubdli]¢ty p(a} = O

snd varicus T.e 1o glven in Figuru 5 and does nob quuir@
spaeclic] sxulsnetlon. '

For correct use of the results mtuuﬁiian T

=t be
given Lo the fzel thet maximum and minimes dimensions
vere obiained asbove which cen be determined in the dir
tlon of the base line. The entlre wessuring system
eltogelther ls capable of registering the dlmengions of
heterogeneltles less than 2.088;4n (Spin  ie the minimum

ha »:TC)

The point is thet the value found "'ﬂbw:, fz:w D rn
corresoponds uO“V in the directicon of the base Lins.

. &

i
& M




But the naininum va 7ue of V that can be registered by the
measuring system will *o*enﬁ on the relstive location of

the observetion points and is guu,rh ned in the a*rection
of the smallest helght of the ﬂewsurin riangle

So = Bypcos X(se “*rure 2. :

Hence the minimum dimension measurable by the system
ag o whole is :

o
Apin = bpyq COS @,

If the jonospheric heterogenelities have substential Lnisc-
tropy of form and ccuﬁaratlvely gteble orlentstion of the
exes of anlsotropy, then 1t is expedient to take such ob-
servation points thzt the distances between them will not
be the same end the largest base would be orientated
parallel to the atiu of the heterogenei+ies. Sueh a dis=-
position of th measuring triaﬂgje enables measuring
the lerze d;menqions of the heterogenelties on the largse
ee and the small on” the sm=ll, which zesures more sd-
rentesecons conditions of wervﬁrement on the score of ac~

S

curacy.

In perticular, the experimental investigations of
lerge-scale heterogenelties revealed substential an150m
tropy of form snd predominant orienteation of the axils
of snisoiropy slong the msgnetic meridian [3]. It is
rensonable to assume that Lhe above is also correct for
gmall-scale heterogeneities [9,%@ .

The helght of the "neszsuring trisngle” should there-
ore be seclected with eon&iﬁeﬁ"t¢on for the most often
naountered valuesg of the anlisotropic index:t

£
4

o3y
<

r
Y__c‘_mu

raanaadP
. me

Lecording to the experimental data [;J the largest num-
ver of velués of e lies in the limits of 1 - 7. The
moost freguently encountered vsiue of e ls of the order

of 1.5-2. Hence, to assure the same scecurscy in deter-
mining the dimensions of the hwuerogeneities in different

Girections one should select 8; = l/eSma = 0,58 .«

- 13 -
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Fig. 6. Histograms of the horizontal
dirmensions of the heferopeneitxes-
& - maxiwmumr; b - minimun,

the formetion of t?e spectrum of the dimensions by the
reso*ving capacity” of the meaguring systen.

Tous the distributions obhbtained are the spectrum

of tha dimenslone of the large sczle heterogeneities in
leyer Fo of the lonosphere. Using the results of the

present work we evaluated the : aceuracy of the &etermina~
tion i the dimencsions of the heterogeneities.

Flgure 7 gzives curves of the iniegral distribution
of accuracy y at probabilitg f(u) ¢.9 for thres

- 15 -
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Concluglong

le The ninimum horizontsl dlmenslon of lonospherdc
et er ogenei i@a vhich een e messured on s base egusal
Lo 8 15 2.8 8, and the mexinum lg 23 8.
2. In Ilnveastigstlons of the horizonisl ﬂime sions
01 hetercmensliles it is expedient to dlispose the ohgers
vatlon points in such e wey that they form sn isosvsles
recfra~ulu Jrimngie whooe ﬁvpot@nzﬂe iz orlentated
arsllel to the lerpe axis of the h@w@rm*mmrities {in the
invest‘qwtuum of lerge-scale hauerogen >ities, perellel to

2 M

he megr( tic meridisn). -

ﬁb?ﬁr“ﬁ ilon
srogeneitles lying

: Ze Witk such a dlsposition of
pointe the horizoatal mimem ions of

1
withilr the Jimits 0?

‘ E,E«SB‘%— ‘@6‘.‘90”

Gan be refLsiered, wherﬂ 8 is the spallest helght of the
"meesuring trisngle"

4o The spectrum of lsrge~scale (ﬂ{»3&00 m) heteroe
geneltlies Lﬂ.thﬁ Fn loyer of the lonosphere le essentlal-
iy irreguld
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